The study aimed at comparing the effect of selected biopreparations (Boni protect forte, beta-chikol, Trianum P) and fungicide treatment Switch 62.5 WG (cyprodinil + fludioxonil) on the health status of strawberry grown in the fruiting field at the strawberry farm in Jasionka, Lublin region. The experiment was conducted for three years (2012)(2013)(2014). Results showed that the application of all biopreparations and fungicide significantly reduced the number of diseased plants and the disease index. The effect of three biological products was similar. The mycological analysis of plants showed that among the fungi potentially pathogenic to strawberry, Fusarium spp., Cylindrocarpon spp., Botrytis cinerea and Alternaria were predominated. The fewest colonies of pathogenic fungi were isolated from plants treated with Trianum P.
Introduction


Strawberry is the most important fruit crop in Poland after apple. Big quantities of fresh and frozen fruit as well as rootstocks are exported to many countries. The yield of strawberry depends on many factors, and among them, the most important one is its health status. In Poland, the most important pathogens of strawberry are Fusarium spp, Botrytis cinerea, Colletotrichum acutatum, and in some years Cylindrocarpon spp. and Alternaria alternata [1, 2] . They can infect all above-and under-ground organs causing necrosis and wilting of plants. The chemical control of diseases is still widely used owing to its efficacy and the simplicity of application. However, many pathogens become resistant to some fungicides and the application of chemicals has a negative effect on the environment [3] . As consumers pay more attention to pesticides residues in fruits, there is the need of using alternative methods in horticultural farms. One of these methods is the use of biological preparations based on natural substances and antagonistic organisms [4] [5] [6] .
Trichoderma spp. [7, 8] . Recently, the biopreparation Trianum P, containing Trichoderma harzianum T22 has been registered in Poland for plant protection. Apart from well known fungal antagonists, such as Trichoderma, Pythium or Gliocladium, the yeasts species were tested in many countries for their efficacy in plant protection. Some Polish researchers showed the effectiveness of yeast strains in the control of postharvest diseases of fruits and vegetables [9] . The yeasts antagonism is based mostly on the competition for nutrients. Similar activity is characteristic for yeast-like fungus, Aureobasidium pullulans [10] , which already is used in commercial products.
The bioproducts based on natural substances are used in plant protection for decades. There are the preparations with grapefruit extract [11] , garlic pulp [12] and chitosan [13] . All of the biological preparations can control the pathogens directly or induce the defense reactions of plant [8, 14, 15] .
This study aimed to compare the health status of strawberry plants treated with the biopreparations and 
Materials and Methods
Experienment Design
The objects of the study were the strawberry plants cv. "Elsanta" grown in the field at the strawberry farm in Jasionka, Lublin region. For plant protection, three bioproducts, ie., Trianum P- 
Evaluation of Plants Health Status and Disease Severity
For each combination, the percentage of diseased plants was counted in the field. To estimate the disease intensity, the 5-degree scale was used, where 0 represents no disease symptoms, 1 represents few small necrotic spots on leaves and petioles, 2 represents numerous necrotic spots on tested organs, 3 represents necrotic lesions on more than half of organs surface and 4 represents wilting and decaying of plants. The data were processed by McKinney's formula [16] , which generates a numeric disease index (DI) of the severity of the attack, as Eq. (1): DI = (Σvn/NV) ×100 (1) where, v represents the numeric value of the degree, n is the number of plants assigned to the degree, N is the total number of plants in the replication and V is the numeric value of the highest degree.
The results were evaluated statistically with the analysis of variance (ANOVA) and the differences between means were estimated by Tukey's test (P < 0.05) using Statistica 12.0.
Mycological Analysis of Plants
Each year, in the first decade of September, the plants with disease symptoms were collected for mycological analysis in the laboratory. The leaves, crowns and roots were analyzed separately. The organs were rinsed in tap water and sterilized in 50% ethanol for 1 min and in 0.1% sodium hypochlorite for 1 min. O; agar-20 g to fill up to 1,000 mL of distilled water) in Petri dishes that were stored in 20-22 °C for 7 d. After that, the fungal colonies were transferred into PDA (Difco) slants, stored under the same conditions as Petri dishes for 10 d. Later, the species of fungi were determined with the use of laboratory and electronic microscope.
Results
Health Status and Disease Severity of Strawberry
During the experiment, the diseased plants occurred the symptoms of necrosis, changes in coloring of leaves, decay of flower buds and wilting. The application of all bioproducts and the fungicide significantly reduced the number of diseased plants in the field. The highest mean percentage of diseased plants was noticed for the control combination (27.66%) and the lowest one for the plants treated with the fungicide Switch 62.5 WG (9.00%). The mean percentage of affected plants in the combinations with bioproducts was similar and far lower than that in the control combination (Table 1) . Similarly, the mean disease index (DI) also was the highest in the control combination (17.16%) and the lowest one in the combination with Switch 62.5 WG (8.33%). The mean values of disease index for the plants treated with the biopreparations were similar and lower than that in the control combination (Table 1) .
Results of Mycological Analysis
As the result of mycological analysis, 1,335 fungal isolates were obtained from the leaves of strawberry. The mycological analysis of crowns and roots resulted in 2,130 isolates. Among isolated fungi, Fusarium spp. and Rhizoctonia solani predominated. The highest number of Fusarium spp. was obtained from the plants treated with beta-chikol and the lowest one in the combination with Trianum P. Among these fungi, F. avenaceum and F. oxysporum predominated, thus, the species are potentially pathogenic to strawberry. In the combination with Trianum P, Cylindrocarpon spp. occurred frequently (Tables 2-4) .
Among potential antagonistic fungi, Trichoderma harzianum predominated, but this fungus was isolated only from the plants treated with Trianum P. The colonies of other antagonists, such as Gliocladium fimbriatum and Penicillium purpurogenum, were less numerous, and their frequency was the highest in 2013 (Tables 2-4 ).
Discussion
In the production of fruits and vegetables, the biological preparations are used to control the pathogens and the pests, as well as to stimulate the growth and development of plants. These products are used mostly in organic and integrated horticulture [17] [18] [19] [20] . The results of the present investigations showed that the tested preparations had an effect on the disease intensity and fugal populations in a various degree. The number of diseased plants and the disease index varied slightly depending on the preparation used, but all bioproducts reduced both the percentage of affected plants and the disease index.
The lowest mean disease index was noticed for beta-chikol containing chitosan. Chitosan, a high molecular weight polymer, is produced from the chitin components of arthropod exoskeleton [14] . Its role in the protection of many plants against pathogenic fungi was confirmed by other researchers [21] [22] [23] . Chitosan not only inhibits the growth of many fungi, but also induces chitinase activity, and elicits phytoalexins and defense barriers in the host tissues [24] [25] [26] [27] . The compound can also produce a moisture barrier and delay the senescence process of plants which increase the resistance of plants to fungal infection [14] . Other researchers noticed that chitosan can act directly at pathogenic fungi, damaging the spores and the mycelium [28] . Boni protect forte and Trianum P showed the similar efficacy in the protection of strawberry.
Aureobasidium pullulans, an active agent of Boni protect forte, is a yeast-like fungus colonizing the plants under natural conditions [29] . The development of Aureobasidium pullulans depends on many factors, such as the temperature, pH and the content of nutrients in the substrate. The efficacy of the fungus was reported by many authors [30] [31] [32] [33] [34] . The effectiveness of the antagonist may be attributed to nutrient competition, competition for space, direct parasitism, production of enzymes and induced resistance [35] . The fungus produces many compounds biologically active, like enzymes, antibiotics, polysaccharides and single cell proteins. An important polysaccharide produced by Aureobasidium pullulans is pullulan, which causes the degradation of plant call walls [36] . The observed reduction of disease severity in studied strawberry plants may be the result of its complicated action. The successful competition of the fungus for nutrients and space can make pathogen cells weak, and can increase pathogen susceptibility to host enzymes and possibly to antibiotic compounds produced by the antagonist [37] .
Trichoderma harzianum, an active component of Trianum P, is for many years widely known as an effective antagonist. Its mode of action includes the mycoparasitism, the antibiosis and the competition as well as the stimulation of plant defense mechanisms [38] . The biopreparations based on Trichoderma spp. are effective in the control of many fruit and vegetable crops [39] [40] [41] [42] . The production of antibiotic by Trichoderma spp. is well documented. Among others, gliotoxin, viriden, peptaboils, sesquiterpenens and isonitryles belong to toxic enzymes [43] . Trichoderma spp. also can parasite many pathogenic fungi [38, 39] through the degradation of pathogen cell walls with chitinolytic enzymes [44] [45] [46] . The positive effect of Trianum P was shown also in the lower number of pathogens isolates obtained from the plants grown in this combination. In 2012 and 2014, the numbers of potentially pathogenic isolates in the combination with Trianon P were lower by 75% and 20%, respectively, than that in the control combination. Only in 2013, the number of pathogens colonies was similar. However, every year from the plants grown in this combination, the isolates of Trichoderma harzianum were obtained, which may suggest the possibility of antagonistic action of the fungus against the pathogens.
The results of mycological analysis are not as convincing as the evaluation of health status of strawberry plants. However, it should be remembered that not all the isolates in the populations of potentially pathogenic fungi should be pathogenic to any host. Some of them might be only non-pathogenic colonizers [47] . According to the results in this study, the tested bioproducts can be used for the production of strawberry, especially in organic farms.
Conclusions
In conclusion, this study showed that all tested biological preparations had a potential in the biological control of strawberry diseases. The health status of strawberry plants treated with the tested bioproducts and the fungicide was significantly better than the health status of untreated plants. The percentage of diseased plants and the disease index were significantly lower for the treated plants comparing to untreated plants. There were no significant differences in mean percentage of plants with symptoms and disease index between the combinations with tested bioproducts. It is difficult to interpret the effect of the preparations on the fungal populations isolated from strawberry plants, however, in the combination with Trianum P, the number of potentially pathogenic isolates was the lowest. Further experiments would still be required to confirm the efficacy of these products in the control of the most important pathogens of strawberry.
